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Preface 



Dr. S. N. Postlethwait introduced audio -taped presenta- 
tions to augment the instruction in his freshman botany course 
at Purdue University in 1961. His purpose - then as now - was 
to offer maximum educational opportunity to students of every 
background and level of aptitude or skill, even within the frame- 
work of a large, multi-section class. 

From its inception, the audio -tutorial concept proved its 
worth by allowing slow and average students to absorb the 
course material through as many learning processes and as 
many senses as necessary while freeing the rapid learner, the 
well-grounded and the good reader to proceed as quickly and 
in as much depth as desired. 

Dr. Postlethwait accelerated the development of the audio- 
tutorial program in 1962, when enrollment in his course 
jumped from 380 to 480. At this time, he converted the entire 
course to the multi-faceted methods approach he had devised, 
centering on a supervised self-instructional laboratory. Em- 
phasis was shifted from the instructor’s pedantry to the stu- 
dent’s learning. The senior instructor was freed by the tapes 
to devote his dedicated time to the real business of teaching - 
inspiration, motivation, orientation, meaningful personal 
contact. 

A manual designed to accompany the tapes was prepared 
and made available to other schools, and by 1963 a complete 
course on tapes and in manuscript form was available. 

Introduction of these materials occasioned widesprew' 
interest among educators and triggered a flood of visits, cor- 
respondence, questions and requests for further information. 

This book, then, in part a detailed description of audio- 
tutorial implementation at Purdue, is the natural outgrowth of 
the germination of the concept, for considered use in all 
science laboratory courses. It is designed to answer questions 
and to serve as both invitation and blueprint for your partici- 
pation in the continuing growth of a program that represents* ■ . 
an unusual opportunity for improved teaching. 
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Chapter I. 

THE NEED FOB 
INNOVATION IN TEACHING 



Population explosion, knowledge explosion, updating of 
high school teaching and a general increase in the awareness 
of the importance of education to a successful life has intensi- 
fied certain problems in education. Specifically, students en- 
rolled in freshman courses in college now represent a great 
diversity of interests, backgrounds and capacities. The prob- 
lem is to provide a learning situation with enough flexibility 
for each student to make adjustments suited to his individual 
needs. 

Population increase is worldwide and will continue until 
some method is found to limit the world’s birth rate. The 
world's demographers predict that we will soon run out of 
living space and that something must be done. Already school 
systems are becoming painfully aware of the problems that 
can be created through population explosion. Colleges and uni- 
versities now enroll nearly five million students - more than 
double the total in 1951. It is anticipated that this number will 
double again by 1970. Currently nearly half of the Americans 
of the appropriate age are pursuing a higher education and 
this percentage will tend to increase. College and university 
officials are frantically attempting to expand facilities to ac- 
commodate the onrush. Unless substantial new avenues are 
found, it is a losing battle for which the only answer seems to 
be limiting the enrollments to the available facilities. Under 
these conditions many highly talented individuals may fail to 
achieve their maximum potential. 

Knowledge explosion is a natural consequence of better 
communication and the rapid increase in the number of scien- 
tists. In the last few decades, technological improvements 
have made communication facilities available which exceed 
the imagination of only a few short years ago. It is said that 
there are more scientists living today than have lived in all 
the world’s previous history. As their contribution is added 
to the current body of information - knowledge accumulates in 
geometric proportion. Incorpo ration of this new subject mat- 
ter into the curriculum requires constant revision of course 
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materials and critical attention must be given to course content 
to assure inclusion of the more pertinent and newer concepts. 
Teaching methodology must be flexible enough to incorporate 
easily and effectively new information as it becomes available 
without disrupting the whole scheme or approach to presenta- 
tion. 

Updating of subject matter taught in high schools and in 
elementary schools has been an additional factor in the need 
for developing a flexible program of presentation. Programs 
sponsored by the National Science Foundation and other agen- 
cies are gradually reaching some of the better schools and, 
as a consequence, many of our college freshmen have been ex- 
posed to highly sophisticated courses. Therefore students 
having equal capacities may differ greatly in the level of sub- 
ject matter exposure. Placing these people together in one 
rigid program of study often results in dulling the desire and 
curiosity of the well-informed student while creating an over- 
whelming and impossible situation for the student who is ill- 
prepared. 

The machine age has relieved man of many menial tasks. 
The percentage of the population who earn their living through 
physical labor has become less, and more and more people 
find it necessary to make their living through the use of their 
intellect. Today, only about 8% of the population is engaged 
in agricultural production and this is a highly sophisticated 
kind of agriculture. Thus, a college degree has become a 
necessity. Moreover, many students would obtain a college 
education at all costs considering that their failure to do so 
would result in becoming a social outcast and condemn them 
to a financially restricted life. 

The factors discussed above along with other variables 
result in a great diversity of interests, background and capac- 
ity of students now entering college. In order to accommodate 
this great range of students, there are three major ingredients 
necessary in our teaching approach. First, it must include a 
great variety of teaching techniques, and take advantage of all 
the modern communication media. Each medium must be se- 
lected for use on the basis of its effectiveness and efficiency 
in evoking the appropriate responses. Secondly, these media 
must be made available in such a way that the students can 
pace themselves, omitting those things with which they are 
already familiar and spending extra time where necessary to 
bring their education up to the level of their colleagues. And, 
thirdly, personal contact with teaching personnel must be 
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made available to provide motivation and interest. Each activ- 
ity required of the student must be analyzed in terms of the ob- 
jective and all busy work which does not really contribute to 
the student’s progress must be eliminated. The teaching me- 
thod must take into account the fact that individuals may per- 
ceive ideas and concepts through different channels — some 
can read perceptually, while others must manipulate and handle 
materials to obtain an adequate understanding of the concept in- 
volved. If the goals can be carefully and critically identified, 
a student arriving at these goals independently along some 
avenue other than that provided by the teacher, should be ac- 
corded the same respect as one who has attended carefully to 
the details of a program outlined by the instructor. A teacher 
can only provide guidance, facilities and motivation. The stu- 
dent must do the learning. All too often, teachers develop pet 
exercises or programs and every student is required to per- 
form faithfully each item if he is to receive a satisfactory 
grade. Often these pet approachs make little or no direct con- 
tribution to the learning process or the student’s needs, and only 
students who are willing to conform and can properly interpret 
the teachers’ wishes can obtain good grades. Creative students 
who will not submit to the regimentation may receive low 
grades regardless of their knowledge of the subject. 

A possible solution to some of these problems may involve 
totally restructuring a course or even the entire curriculum of 
a school. A number of colleges and high schools have already 
taken steps in this direction (Munster Senior High School, 
Munster, Indiana, Nova High School, Fort Lauderdale, Florida, 
St. Louis Junior College District, and St. Louis Country Day 
School, St. Louis, Missouri, and Antioch College, Xenia, 

Ohio to mention only a few). The limitations and restrictions 
commonly imposed by the conventional approach must be dis- 
carded and prime consideration given to the needs of the indi- 
vidual student. That is, one should analyze the course ob- 
jectives, the kind of subject, matter to be presented, the ways 
or means by which it could be best made available to students, 
and provide the students an opportunity to select those activi- 
ties which are important and helpful to him. This is not to 
suggest that effective conventional teaching techniques are to 
be eliminated from the approach. It merely means that one 
develops a multi-faceted, multi-sensory approach which takes 
advantage of every teaching facility that can be made available. 
Every conventional teaching circumstance is exploited to its 
utmost. The responsibility for learning and the mechanics for 
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scheduling is placed on the student. The teacher, in many 
cases, is freed for the real business of teaching, i. e. , the 
orientation, direction elucidation, guidance, and personal con- 
tact with individual students which tends to inspire and moti- 
vate them to greater effort. 

The inconvenience of getting information is an impediment 
to learning. It is human nature to follow the path of least re- 
sistance. If the M getting-of-knowledge M involves wearisome 
busy work, or activities not associated with the information 
itself, the desire for learning may be suppressed. Further, 
impediments which merely delay the getting of knowledge re- 
duce reinforcement and effective learning. A teaching pro- 
cedure should require frequent response by the student to give 
him feed-back as to his progress and then allow him to partici- 
pate in the decision as to whether he has accomplished the ob- 
jective. The desire for achievement and the common sense of 
young people is often underestimated. Well-meaning teachers 
and parents frequently frustrate the very thing they are trying 
to cultivate through clinging to procedures blindly accepted be- 
cause of tradition. 

Five of the following chapters describe an experiment in 
teaching a freshman botany course at Purdue University. An 
attempt has been made to practice the philosophy set forth 
above in every aspect of the course. While the procedures are 
explained in minute detail, the authors do not mean to imply 
that this is the only method by which satisfactory teaching can 
be accomplished. However, since the results have been es- 
pecially gratifying, it seemed desirable to share this informa- 
tion in the hopes that others might be motivated to join in an 
all-out effort to improve instruction at all levels. 
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Chapter II 
AN INTEGRATED 
EXPERIENCE APPROACH 

Definition 

Emphasis on student learning rather than on the mechan- 
isms of teaching is the basis of the integrated experience ap- 
proach. It involves the teacher identifying as clearly as 
possible those responses, attitudes, concepts, ideas and ma- 
nipulatory skills to be achieved by the student and then design- 
ing a multi-faceted, multi-sensory approach which will enable [' 

the student to direct his own activity to attain these objectives. 

The program of learning is organized in such a way that stu- 
dents can proceed at their own pace, filling in gaps in their 
background information and omitting the portions of the pro- ! 

gram which they have covered at some previous time. It [ 

makes use of every educational device available and attempts . : 

to align the exposure to these learning experiences in a se- ( 

quence which will be most effective and efficient. The kind, 
number and nature of the devices involved will be dependent 
on the nature of the subject under consideration. ! 

The term, ’’integrated-experience", is derived from the 
fact that a wide variety of teaching-learning experiences are 
integrated, with provision for individual student differences, 
and each experience planned to present efficiently some im- 
portant aspect of the subject. In the audio -tutorial booth, the • 

taped presentation of the program is designed to direct the 
activity of one student at a time; the senior instructor, in a f 

sense, becomes the student's private tutor. It is important to 
emphasize at this point that the tape represents only a pro- 
gramming device and that the student is involved in s^ny kinds j 

of learning activities. Further, it should be noted that* those 
activities which by their nature cannot be programmed by the : 

audio tape are retained and presented in other ways. For ex- ? 

ample, guest lecturers and long films are shown in a general [ 

assembly session, and small discussion groups are held on a 
regular basis to provide for those activities which can best be 
done in a small assembly. Flexibility and independence, ac- 
companied by helpful guidance when necessary, are the key 
concepts of the approach. 

In the audio -tutorial system the instructor’s voice is i 

available to the student to direct and supplement his study i 
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effort. This does not mean that a tape lecture is given! ! It 
refers to an audio programming of learning experiences logi- 
cally sequenced to produce the most effective student response. 
Each study activity has been designed to provide information 
or skill leading to the proper performance of the next activity 
or else it builds on the foundation of knowledge previously laid. 
The overall set of integrated experiences includes lectures, 
reading of text or other appropriate material, making observa- 
tions on demonstration set-ups, doing experiments, watching 
movies and/or any other appropriate activities helpful in under- 
standing the subject matter. This system differs from the 
written programmed instruction and the conventional lecture 
laboratory approach in several important ways: 



1. Most subjects require that a student receive a va- 
riety of learning experiences to become properly informed 
about them. The conventional teaching system recognizes this 
requirement and attempts to fulfill it through the scheduling of 
lectures, laboratories, recitations, etc. In the integrated ex- 
perience system, these activities can be organized in a step- 
wise fashion with a reduction in the disassociation in time and 
space encountered in the conventional approach, while at the 
same time the logical learning progression characteristic of 
written programmed instruction is retained. Further, the 
learning events need not be limited to the vicarious participa- 
tion of the student through his reading only, as in written pro- 
grams. Hour-long lectures of necessity cover several units 
of information. Some of these topics are covered more mean- 
ingfully when there is associated with them, student involve- 
ment through experimentation, observation, textbook reading 
and other appropriate activities. The limitations of time and 
physical facilities make this kind of integration unfeasible 
under the conventional system but are clearly practical under 
the integrated experience system utilizing audio tape pro- 
gramming. 



2. In the audio-tutorial booth the voice of the instructor 
provides timely information, definitions and parenthetical ex- 
pressions with minimal effort for the learner. These helpful 
asides are often omitted from a student's study because of the 
inconvenience involved in looking up words, and because such 
thoughts seldom fit well as a part of a written text. The tone 
of voice places emphasis on important points and expresses 
authority not sensed through reading the written word. 
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History and Development 

The inception of the integrated experience system as cur- 
rently employed at Purdue University was in 1961. The senior 
author attempted to provide an opportunity for students with 
poor backgrounds to keep up with the class by making supple- 
mentary lectures on audio tape. The student could listen to 
these lectures from 7:30 AM to 11:30 PM on week days and 
from 12 PM to 11:30 PM on Sundays through the facilities of the 
Audio Visual Department. The first tapes were purely supple- 
mental lectures. During the progress of the semester, the 
nature of the tape lectures progressively changed toward an 
audio programming of a variety of learning experiences. At 
first, only diagrams and photographs were made available with 
the tape and the student's attention was directed to various 
items in these diagrams and photographs while he listened to 
a discussion about them. Later the student was asked to onen 
his textbook and follow the text explanation while listening to 
the instructor's discussion of the information. Thus, the 
author’s point of view and the instructor’s point of view were 
considered at the same time. Soon living plants were added 
to the other materials, and ultimately the student was asked 
to do experiments from the laboratory manual in context v/ith 
the study of the text and tape discussion. By the end of the 
semester , a weekly learning kit was prepared and students 
could do the full range of study for the week without attending 
any of the formal sessions of the course. The student's re- 
action was so favorable to this supplemental material that it 
was decided to set up an experimental section of 36 students 
who would receive all instruction programmed by audio tape. 
During the second semester of 1961-62 this was done. The 
experimental section met with an instructor only once each 
week to take quizzes and for a discussion session. They were 
required to take the same exams that were given to the con- 
ventionally-taught group, and at the end of the semester, al- 
though they had not done better than the conventional group, 
they had done just as well. The 36 students were consulted 
as to how one could best set up a study program for plant 
science which would incorporate the flexibility desired yet re- 
tain the quality of instruction necessary to prepare them for 
their advanced courses. As a result of these discussions, the 
course in freshman botany at Purdue has been completely re- 
structured to provide a maximum of student freedom for 
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independent study and an opportunity for him to make adjust- 
ments for his interests, background, and capacity. The items 
included as a part of this program will be discussed during the 
next few paragraphs. 



Study Sessions 

The terms lecture, recitation, and laboratory are not used 
in connection with the integrated experience program in order 
to emphasize the role of the student in the learning process. 
The connotation one receives from the term lecture is activity 
on the part of the individual who is doing the lecturing while 
students are passive if involved at all. The formality of a 
laboratory and recitation as conventionally conducted also im- 
plies a degree of regimentation of the students. Therefore, 
the term study session lias been adopted for use hoping that it 
will place emphasis on learning rather than teaching. Four 
study sessions are involved: 

1. Independent study session (ISS) 

2. Small assembly session (SAS) 

3. General assembly session (GAS) 

4. Home study session (HSS) 

1. THE INDEPENDENT STUDY SESSION (ISS). —The 
purpose of this session is to provide the student with an op- 
portunity to engage in the kinds of study activities which can 
best be accomplished when proceeding independently. It in- 
cludes a great variety of activities which, by nature, can be 
programmed by audio tape. Especially important is the in- 
clusion of subject matter and procedures which are likely to 
be mastered at an unequal rate by many students. It includes 
such items as short tape-lectures, introduction to laboratory 
materials, study of demonstration materials, examination of 
specimens, performance of experiments, reading from text- 
books, keying-out specimens, discussion with fellow students 
and teaching assistants, viewing brief single concept films, 
making microscope slides, studying specimens through the 
microscope, collecting and analyzing data, setting up ma- 
terials for later evaluation, and numerous other activities 
commonly used in the presentation of subject matter. 

The most effective use of this session is obtained when 
the session is unscheduled and when the study center is 
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available over a large number of hours during the day. Ideally 
the laboratory is open from 7:30 in the morning until 10:30 at * 
night, with the student having an opportunity to come in at his 
convenience. This kind of arrangement allows the student to 
take advantage of those hours in the day which normally are 
not feasibly scheduled through the registrar’s office, but which 
for some reason may be convenient to the student. It also en- 
ables the student to spend a long block of time studying one 
subject. He can study until he has achieved some measure of 
mastery of the subject before scheduling forces him to termi- 
* 1 c iL Students who have a weak background can take advan- 

the availability of the facilities over an extended period 
and those students who have been exposed to the subject matter 
previously or are capable of rapid assimilation of information 
are not required to spend time in the laboratory idly waiting 
for other students to catch up. In other words, they are ab!e 
to do those activities which are meaningful and helpful in their 
learning, at their convenience and at their own pace. It is un- 

\° r * stude " t to remain in the study center when he 
doesn t feei well or when other studies are so pressing that he 
is unable to concentrate. 

Where it is not feasible to allow the students to arrange 
hours because of facilities and other problems, it is possible 
to have some measure of the advantages of the unscheduled 
system by having the students sign up for a portion of their 
time and attend ISS on an unscheduled basis part of the time. 
Piling-up which may occur under the unscheduled system mav 
be avoided somewhat bv publishing an hourly record of the num- 
ber of students present. Students will quickly adjust their 
schedules so that they will arrive when facilities are likely to 
be available. Even in totally scheduled learning facilities, the 
important advantages of the student proceeding independently 
at his own pace and having an opportunity to do all of his study 
in context, that is, not having lectures disassociated in time 
and space from laboratory activities, are possible under the 
integrated experience system. 

SUPERVISION. —An instructor on duty at all times is de- 
sirable. He can provide special assistance or individual ’’help 
sessions to those who need it and explore a subject more 
deeply with those students who are more advanced. The in- 
structor, acting as a monitor, can also serve to keep the in- 
tellectual tone of the activities at a level which approaches 
the study situation in a library and reduces vandalism, loud 






talking and other kinds of undesirable activities. Further, the 
teaching assistant can maintain stocks of materials, give spe- 
cial assistance for special kinds of problems which may be 
too involved for the tape explanation and can call the attention 
of the students to variations in the program which cannot be 
included on the tape directions. The student profits by the 
presence of the instructor in being able to have pertinent ques- 
tions answered when they arise, and discussions with the in- 
structor enable both the student and the instructor to become 
well acquainted. Teaching assistants also profit from this 
close association. Questions which arise are pertinent ones 
and the effort to explain the subject matter is rewarded im- 
mediately by acknowledgement of understanding by the student 
or else the instructor becomes aware of the deficiency in his 
teaching procedure. Oftentimes fellow students also become 
involved in the discussions and an excellent learning situation 
is developed (Fig. 2. 1). 

Ideally, in college, a room should be made available with 
reference books, a coffee urn and smoking facilities for group 
discussions which might arise de novo. The help session com- 
monly scheduled under the conventional system for a late 




Figure 2. 1 - Instructor discussing experiments with students. 



evening session, can now be made available to each student 
and adapted to his individual needs. The initiative lies with 
the student. 

OPPORTUNITIES FOR INCLUSION OF UNUSUAL TYPES 
OF STUDY. - -Certain study activities can be included in the 
ISS which are impractical under the conventional routine. 

Single concept films can be used effectively and for the true 
purpose for which they were designed. Technicolor 8 mm 
movie projectors or Mark IV 8 mm projectors can be placed 
on the demonstration table or in the booth and, when a student 
has progressed to the appropriate point in his study, he can 
view films especially designed to clarify the subject matter or 
procedure. Such films include difficult to illustrate phenomena 
(opening of a flower, time-lapse of mitosis), visual program- 
ming of a technique or procedure (how to make a slide, set up 
an experimental apparatus, use the microscope), and supplemen- 
tal experiments not feasible with available facilities. The stu- 
dent can view these films as many times as he finds it helpful 
and, most importantly, they can be viewed in close association 
with the other study activities related to the subject. For ex- 
ample, the student can listen to the instructor's explanation of 
mitosis while following diagrams and pictures in manual and 
text, read about it in Scientific American articles and text, 
study prepared microscope slides under the microscope, make 
slides of fresh material, view time-lapse movies of mitosis, 
and discuss the process with fellow students and instructors 
all in a short span of time without these study events being 
interrupted or disassociated by a study of German, History, 
Physics or some other unrelated topic. 

The conventional laboratory involving schedules of 2-4 
hours per week limit the nature of experiments to be per- 
formed to those which can be done within and at the scheduled 
times. Under ISS it is practical to assign experiments which 
” require collection of data at irregular intervals and involving 
variable spans of time. For example, a student might be 
asked to set up an experiment during one week requiring col- 
lection of data at daily intervals for 4 or 5 days and in another 
week an experiment might involve collection of data at 3-hour 
intervals over a span of 12 hours. 

Special booths containing materials for supplementary 
study can easily be made available. The Mark IV 8 mm movie 
projector is equipped for the use of head phones and will ac- 
commodate movies up to 25 minutes in length. Movies and 
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audio tapes by distinguished professors on special topics can 
be made available for those students who wish to pursue a sub- 
ject more deeply. 

MATERIALS. --Perhaps the most effective arrangement 
for tape use is to have individual carrels or study booths made 
of pegboard. The details will be discussed later in the chapter 
on physical facilities. In a study center which is open from 
7:30 AM until 10:30 PM, one tape player per 20 students seems 
to provide adequately for the four-hour conventional equivalent 
of scheduled classroom time. Each booth or carrel is equipped 
with material appropriate for the week's study (Fig. 2. 2). The 
carrel always includes a tape player and the tape which pro- 
grams the study for a given week. Additional materials, as 
the subject matter may demand, include the textbook, a labora- 
tory manual, live materials, experimental equipment, an 8 mm 
movie film projector, microscope, demonstration set-ups, 
charts, posters, diagrams, models, outlines, film strips, 




Figure 2. 2 - Kinds of equipment frequently included in the booth. 
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pictures, microscope slides, 2x2 slides, and or any other 
kind of device which might be useful in explaining or demon- 
strating the subject matter under consideration. Each booth 
is set-up as attractively as possible and includes as much of 
the material to be used in the study as is feasible. 

Material and equipment too bulky or elaborate to be in- 
cluded in the booths and expensive items which can just as well 
be studied independently at some central location are placed on 
a demonstration table (Fig. 2.3). 

The demonstration table should be situated so as to be 
easily accessible to students from every booth (Fig. 2.4). 

The demonstration table includes experimental materials 
(some of which might be taken back to the booth for use in the 
booth), demonstration set-ups, partially completed experi- 
ments from which data is to be collected, apparatus for doing 
experiments, and any other appropriate item for study (See 
Chapter V). If it is desirable to keep a record of the amount 
of time each student spends in the study center, this is pos- 
sible through the use of "check-in" and "check-out" cards 
(8 x 5") (Fig. 2. 5). 



1 



1 



Figure 2. 3 - Demonstration table with material too bulky for inclusion in each 
booth. 
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Figure 2.4 - Photograph of booths and demonstration table arrangement. Dem- 
onstration table is at the right side of the photograph. 

A block of wood with slots numbered to correspond with 
booth numbers can be used effectively in this regard (Fig. 2.6). 
The student, on entry into the laboratory, will select his 
record card from an alphabetized group of cards and record 
the time of arrival at the study center. He will place the card 
in the appropriate numbered slot which assigns him to a spe- 
cific booth. On his departure, the student will reverse the 
procedure, i. e. , he will sign out indicating the time at which 
he is departing and return the card to the alphabetized group 
of cards. 

PREPARATION OF MATERIALS. —A good plan is to 
present subject matter on a weekly unit basis with a single 
' tape coinciding with a single week of study. A teaching as- 
sistant after listening to the tape can plan and prepare ma- 
terials to implement it. The preparation and distribution of 
study materials is of great importance and must be done with 
extreme care. Much of this work can be done by extra labor 
personnel once the material has been arranged in a booth as 
a model. The model booth arrangement along with the 
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Figure 2.5 - Check-out card. 




Figure 2.6 - Block of wood used for booth assignment. 
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development of the materials on the demonstration table can 
be designed by a teaching assistant. 

A considerable opportunity is available to the teaching as- 
sistants for creativity through the manner in which they im- 
plement the tape study. A limited number of innovations or 
variations from the original design of the tape can be included 
through written instructions placed in each booth or on the 
demonstration table. By assigning one or two teaching as- 
sistants to each weekly unit of study, the teaching assistants can 
take pride in making the laboratory materials effective and ex- 
cellent in appearance. Also, each teaching assistant feels 
some major responsibility to the success of the presentation of 
the course. By noting on the bulletin board that the laboratory 
for the week is through the courtesy of a specific teaching as- 
sistant, the teaching assistant gets credit for the extra effort 
he may put forth in making the lab an excellent one - contrary- 
wise, teaching assistants who tend to slight their job are "en- 
couraged" to do a somewhat more intensive effort. 

Total supervision of all laboratory materials is under one 
full-time instructor. A weekly meeting of teaching assistants 
enables them to receive instructions on special details or un- 
usual kinds of laboratory materials and provides continuity to 
the effort during the following week. This plan has been suc- 
cessful in creating a very good relationship among the teaching 
assistants and has resulted in high quality study materials. 

The teaching assistants have developed many new ideas and 
have made substantial contributions to the success of the en- 
tire program. 

QUIZZING. —While the nature of quizzing is not unique to 
the audio-tutorial approach, still a few points concerning 
quizzes under this system may be helpful. Some sort of weekly 
quizzing is strongly recommended. A regular quiz in the 
learning center is highly desirable. It is useful to let the stu- 
dent know if he has made proper progress during the past 
week, and it prevents the student from procrastination. The 
authors bave operated during the past four semesters with a 
program of oral quizzing. Bach student, upon completion of 
his study to the point where he feels he has adequately mas- 
tered the subject matter, may present himself to the instructor 
on duty for an oral quiz. He may determine his readiness 
through self -quizzing (Fig. 2. 7), quizzes from colleagues, or 
prequizzes or discussion given by the instructor. The oral 
quiz is graded on the basis of 0 to 10 points. The student is 










Figure 2. 7 - An electronic self-quiz board. 

(Courtesy of Peter Loveland) 

asked to demonstrate some skill, to expound on some principle 
which he should have learned from experimental materials 
available, to discuss a specimen, or, in general, show how 
much he knows about any particular item which may have been 
covered in the week’s work. As the instructor listens and 
watches, he attempts to evaluate the student's progress. If 
the instructor is impressed with the high level of information 
which the student has attained, he is assigned 10 points. If the 
student knows absolutely nothing, of course, he is assigned 0 
points. More likely, a student will fall somewhere in a range 
of 5 to 10 points, 6 points being considered as a passing score, 
7 as a C grade, 8 as a B grade and 9 as an A grade. The test 
will proceed until the teaching assistant feels that he can pro- 
perly evaluate the student’s knowledge. Students with whom 
he has already had contact and feels competent to evaluate he 
may ask to perform an exercise or to expound on some aspect 
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of the subject briefly and then assign the student a grade. On 
the other hand, a student who is slower in expression may 
take up to 10 minutes to display his command of the subject. 
The net effect of oral quizzing essentially has been to provide 
the student an opportunity to prepare short talks concerning 
the various topics included in the subject matter for the week. 
The emphasis of study is to prepare himself by discussions 
with colleagues and by delving into the subject as deeply as 
possible within the time available rather than trying to out- 
guess the instructor as to the number and nature of questions 
which may be asked. The injustices which may result from 
misevaluation are minimal and are less severe often times 
than those imposed by the conventional written questions which 
may be misinterpreted by the student or may require a quali- 
fied answer. It gives the student experience in oral expression 
and there is a better communication between the teacher and 
student as to the exact level at which the student may have 
achieved. 

Since the student may take his oral exams at any time 
when he feels he has mastered the subject matter, the aggres- 
sive student can now complete his study in the early part of the 
week or at his convenience. One big disadvantage of this type 
of testing is the tendency on the part of many students to pro- 
crastinate to the end of the week, such that there is a pile-up 
of students for quizzing on the last days. Another factor con- 
tributing to the pile-up is that many students wish to repeat 
the study a number of times during the week. This problem 
has been overcome fairly satisfactorily by determining the 
number of students which may be quizzed over a given length 
of time and having students sign up for a specific time for 
their quiz during the last two days of the week. Students who 
wish to be quizzed earlier in the week may do so at their con- 
venience. 

By the same procedure, it is possible to have students 
sign up for longer summary practical exams at mid-semester 
and at the end of the semester. The longer tests can be given 
in the study center or in any available laboratory where the 
materials can be set up on display at stations around the room. 
Students can sign up for the test in groups of 25 or 50 depend- 
ing upon the number of stations, or individually to arrive at 
one-minute intervals throughout the day. Naturally the quiz- 
zing stations must be monitored by at least one or two teach- 
ing assistants at all times. The students may be advanced 
from station to station through the practical testing set-up by 
signals at minute intervals from a tape on a conventional type 
tape player. 
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While it seems to the authors that the oral type of quizzing 
has considerable merit both from the point of view of the stu- 
dent and the opportunity of teaching through the use of the quiz, 
any other type of quizzing which will evaluate the student's 
achievement and inform him of his progress would be accept- 
able. Conventional typewritten quizzes could easily be super- 
vised in this session by the teaching assistant while he goes 
about his other duties or else quizzing could be delayed until 
the small assembly meeting. 

In summary, the ISS is best conducted in a learning center 
equipped with individual booths and under the constant super- 
vision of an instructor. The student should be able to come 
and go at his convenience, pacing his study to suit his ability 
and his other work schedule. Subject matter is presented on a 
weekly basis which is terminated for each student when he is 
satisfied that he has mastered the subject matter and has taken 
a 10 point oral quiz. The student learning activities are pro- 
grammed through the use of audio tape and may consist of short 
lectures, explanation of charts and pictures, exercises from 
the laboratory manual, making observations of demonstration 
materials, discussions with other students, discussion with the 
instructor on duty, viewing single concept films, and any other 
item which may contribute to the progress of the student. 

2. THE SMALL ASSEMBL Y SESSION (SAS ) . - -The pur- 
pose of the small assembly session is to bring together a small 
number of students with an experienced discussion leader to do 
many of the items ordinarily accomplished in a conventional 
recitation session. It is a scheduled session which meets 
routinely each week and is in charge of the same instructor 
throughout the semester. The students thus become identified 
with this instructor as their teacher in the course and will con- 
sult with him about problems of absences, grades and other 
such items needing clarification (Fig. 2. 8). The instructor 
becomes well acquainted with each student and keeps abreast 
of his progress. He can anticipate those students who are 
having difficulty and provide appropriate counseling. In keep- 
ing with the basic philosophy of the audio -tutorial approach no 
single format is retained for the small assembly session. The 
activities in the small assembly session may be properly inte- 
grated with the other study sessions and adjusted to fit the 
nature of the subject matter being presented that particular 
week. Therefore, a great variety of activities may be directed 
by the SAS instructor. Commonly it has been the practice of 
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Figure 2.8 - Instructor Hal Murray presides over a meeting of 25 in freshman 
botany during SAS* 

the authors to use a portion of this session for testing. Tests 
given on these occasions have been of the conventional written 
type. However, it is possible to carry in specimens, dia- 
grams, charts, models, slides and other items which would 
make the test of a more practical nature. In some cases a 
major share of the period may be devoted to a help session 
which will involve a discussion of homework problems or sub- 
ject matter still needing clarification from the independent 
study session. Commonly no new subject matter is introduced 
at this session although this is a possibility if the situation 
seems to warrant it. The small assembly session is an oc- 
casion for clarification of announcements and informing stu- 
dents of various procedures which are not covered elsewhere. 

Projects involving team work or individual research as- 
signments can be supervised by this instructor. During the 
course of the semester students are required to do three 
miniature research projects. The projects are designed to 
familarize the student with the scientific method. The pro- 
cedure to be followed is fully outlined in the first problem and 
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progressively less directions are given for the subsequent pro- 
blems. In problem one the student is told what to investigate, 
what methods and materials to use, what data to collect, and 
he is asked to analyze these data and write up the project as a 
scientific paper. In problem two the student is told what to 
investigate and what methods and materials to use, but he de- 
cides what data to collect and how to analyze them and writes 
up the project. In problem three the student is told what to 
investigate but he decides what materials and methods to use, 
what data to collect, and makes an analysis of these data and 
writes up the project. 

In addition to the above, this session can be used for 
group activities such as a short field trip, collection of data 
from long range experiments on a semi-demonstration basis, 
problem analysis, the showing of single concept films or any 
other activity best suited to a small group assembly. 

3. THE GENERAL ASSEMBLY SESSION (GAS). —All 
students in the course assemble in a large auditorium one 
hour per week on a scheduled basis. The instructor in charge 
of the course directs the study during this session. This ses- 
sion may include the giving of general directions and announce- 
ments, long movies, guest lecturers, problem solving and 
items of this nature; but most importantly, it is an occasion 
for integrating and elucidating the subject matter so that the 
student may appreciate its significance. The main objective 
in this session is to project to the student a personality for 
the course and to set an intellectual tone. Major effort is di- 
rected toward motivation. All students thus become acquainted 
with the senior instructor in the course and thus are able to 
connect the voice on the tape with a personality. (This is not 
to imply that this is the only contact of the senior instructor 
with the students for he should serve as instructor in as many 
small assembly sessions as possible and as a monitor in the 
independent study session as well. ) The general assembly 
session is useful in enabling the senior instructor to become 
acquainted with the students if he so desires. Each student 
is photographed with his name card on 35 mm film during the 
first small assembly session. Contact prints of these nega- 
tives are made and these photographs are mounted on a card- 
board seating chart in the same arrangement as the students 
are assigned in the general assembly session and the card- 
board is placed in front of the senior instructor's office desk. 
Through this means, it is possible to refer frequently to the 
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! photographs and reinforce the association of names and faces of 

the students. The association of name and face is begun by a 
meeting of the senior instructor with small groups of ten stu- 
dents in the greenhouse at the beginning of the course. Ten 
students sign up at 15 minute intervals and the senior instruc- 
tor spends two to three days in the greenhouse just becoming 
acquainted with the students during the first week. Through 
this initial contact, the photographs, and contact through serv- 
ing as instructor in the SAS and as monitor in the ISS, it has 
| been possible for the senior instructor to learn the names of 

I 75% or more of over 400 students well enough to recognize the 

| student and call him by name on the street or on the campus. 

! 4. THE HOME STUDY SESSION (HSS). —It is anticipated 

j that the student will do the usual amount of outside study ex- 

] pected in a conventional course. This, of course, would in- 

j elude reading of the text, discussion of subject matter with 

| colleagues, and the study of outlined material and notes taken 

I from the independent study session, small assembly session 

I and general assembly session. In addition, the student ob~ 

I tains a set of homework problems from the small assembly 

j session each week. The homework problems will cover the 

I following week’s work and will serve as a basis for several 

| of the questions on the 20-point SAS quizc The authors have 

| not required that homework problems be written out or turned 

in, for it has been our experience that the use of these as a 
source of questions for the quiz is adequate motivation for stu- 
dent study. Commonly, the problems will provide data and 
require an analysis of these data involving an understanding of 
the facts learned in the independent study session. The an- 
swers to these problems may be made available to the students 
through publication on a bulletin board or mimeographed on the 
I back of the problem sheet. This idea is patterned after the 

practice in many mathematic texts which provide problems for 
] drill purposes with the answers in the back of the book. The 

i problems are useful to help the student determine if he has 

learned the facts correctly and gives him practice in analyzing 
data and problem solving. It places emphasis on certain points 
to guide the student to important information and avoids some 
of the rote memory aspect of biological study. It forces col- 
laboration and discussion sessions in the student housing units 
which provides excellent learning situations. 

Certain Scientific American articles are assigned for out- 
side reading. These articles have been carefully selected to 
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supplement the regular text and to provide an extension of the 
research experience for the student. These articles expand 
the student s perspective of science and give him some idea of 
the current kinds of investigations that are being conducted 

nipmV^ e i inf ° r ? iati ° n included in ^ese articles !s usually sup- 
p emental, motivation to read them is provided through the in- 
clusion of bonus questions of 1-3 points on the weeklv oui*. 
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Chapter in 

PHYSICAL FACILITIES 

Contrary to the first impression of many people, the inte- 
grated experience system is not expensive. Instead, there are 
many savings in time, space, and staff effort, once the program 
is initiated and in progress. For the most part, the program 
can be made effective with simple modification of existing 
laboratory facilities. Basically, there is required a learning 
center or a laboratory equipped with an appropriate number of 
booths, a demonstration table, a prep room, a recitation room, 
a lecture hall, a greenhouse, and or an animal house if de- 
sirable. 

Audio-Tutorial Booth 

Booths can be built inex- 
pensively by the use of peg- 
board partitions on ordinary 
laboratory tables (See Fig. 

3. 1). When the learning cen- 
ter is made available from 
7:30 AM until 10:30 PM five 
days per week, one booth per 
20 students is adequate. A 
booth 48 inches tall, 36 inches 
long and 20 inches deep has 
been found satisfactory. Other 
dimensions might serve as 
well or better depending upon 
the type of subject being taught. 

Pegboard partitions provide 
flexibility for variations in the 
displaying of material as the 
subject matter changes from 
week to week. Ordinary labo- 
ratory height table and chairs 
are satisfactory and need no 
further comments here. The 
Kewaunee Technical Furniture 
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Figure 3. 1 - A satisfactory type of 
booth construction. 
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Company has designed special booths for use with this system 
and these are available at a nominal cost. 

Each booth is equipped permanently with a tape player. 
The tape player may be mounted above the working space and 
operated by remote control, or it may remain on the table top 
within easy access of the student. The authors have kept the 
booth free of other equipment by moving in such things as a 
microscope or 8 mm movie projector only on those occasions 
when they are required in the study for the week (Fig. 3. 2). 



Tape Player 

The tape player used by the authors was produced by the 
Audio Visual Department at Purdue University (Fig. 3. 3). 
Following is a verbatim copy of directions for the production 
of these tape players written by L. D. Miller of the Audio 
Visual Department of Purdue University. It is reprinted here 
with his permission. 



A TAPE LISTENING DECK FOR STUDENT USE 

The Purdue Audio-Visual Center has a large library of taped ma- 
terials that are used for individual study. Presently over 400 
students per day use some of these tapes in the 58 study sta- 
tions available to them. Average use time is a little under 
fifty minutes for each item checked out. The tape decks, all 
of one make, were selected because of their ease of. operation, 
safe handling of the tapes, moderate first cost and small main- 
tenance. 
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To protect the recordings against erasure a play only machine < 

was selected. A few record-play machines are available for 
j those students who need them but none of the library tapes are \ 

• to be played on them. 

' { 

To make a self contained unit, eliminate the heat from tubes, 

\ and to enable us to install the amplifier inside the deck en- : 

' closure a transistorized amplifier was tried out and accepted 

j for all of our future units. Happily, a saving of about $25 

per unit was made by the change to transistors. 

The tape deck, consolette, amplifier, battery and other items 
are all standard parts obtained from local photo or electronics \ 

s parts distributors. Their assembly is not beyond the ability [ 

j of an experienced amateur and requires no specialized tools. 
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Figure 3.2 - A booth equipped for an ISS. 




Figure 3. 3 - Front and back view of a tape player. 
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Following is a list of parts we are using: 

1 ea Tape deck, Viking, half track, monaural, playback 
only, model #76LP, with DPST switch instead of SPST 
ea Consolette, Viking, for model # 76LP deck 
ea Set headphones, low impedance 
ea Amplifier, audio, push-pull, Lafayette PK-544 
aa cell, 9 volt, RCA VS— 306 or equivalent 
ea Potentiometer, 10K ohm, C taper 
ea Terminal strip 
ea Phone jack 
ea Volume control knob 

Miscellaneous bolts and covered hook-up wire 

P"® ha8in J the above in sets of eight or ten at a time, the 
complete cost has been less than $115 per complete unit. As- 

time * * f ^ er , the firSt one » should take ab out two and one 
half hours A hook-up diagram will be supplied if requested 
from our Center. 

A few words of caution need to be offered. Be sure to attach 

th f switch since a connection to the wrong 
1 wi JJ fe ®^ * 15 , v ° lts to the amplifier with resulting dam- 
age to it. If hooked to the correct side of the DPST switch 
the drain on the battery stops at the same time the motor power 
is cut off. Incidentally, battery life under heavy use has 
been about 10-12 months. 3 

A thin sheet of fiber or heavy cardboard should be cut and 

^f tween 5 he circuit board of the amplifier and the metal 
consolette as the amplifier is bolted into place. It is easier 
to attach the wires to the switch before the deck is fastened 
to the consolette. Further, a small piece of plastic tape 

the U frame Wapped around the switch to keep it from contacting 

I? e * fc l! an j iSt0r am P lifier output has an impedance of 8 ohms so 
thet headsets of this value (or slightly higher) should be 
used. A considerable mismatch will cut down on the frequency 
response and/or volume. Headsets of 50 ohms can be used by 
placing a 10 ohm resistor across the output terminals. A fre- 
quency response of 100 to 8,000 cps is about average for the 

have . Tests show it to be surprisingly flat across this 
range with a good signal to noise ratio. The output is adequate 
o drive two headsets or a 12 inch speaker. 

We have these decks installed in booths and on counters. The 
former method is preferred but no great objections have been 
raised when the booth is not furnished. However its omissions 
with its usual soundproofing will definitely raise the room 
noise level. 
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Handles may be attached to the top of the consolette so that 
the whole unit .may be easily transported. This should be done 
where the player is to be checked out by students for use in a 
typical library situation. This is being done on some of the 
-Purdue Extension Campuses. 

Other tape players can do the same job as the one mentioned 
here but we suggest it to you as one way to provide an inex- 
pensive, uncomplicated, tape player for self-study purposes. 

The authors have found these tape players to be satisfac- 
tory but by no means the only possibility for effective audio - 
tutorial approach. It is possible that several other com- 
mercially produced tape recorders could be converted to tape 
players only and might equal these tape players in perform- 
ance. These tape players have been in use for four semesters 
and have been used by over 1, 200 students and still are cap- 
able of giving indefinite service. Covers on the earphones be- 
come worn and occasionally need to be replaced. Routine 
maintenance has been required throughout the four semesters 
of use. 

i!t is anticipated that eventually the tape players will be 
mounted on a shelf at the top of the booth and all tape players 
will be operated by remote control by the student. While there 




Figure 3.4 - A schematic drawing of a tape player. 
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is little vandalism with the materials in the learning center, 
occasionally even good students idly "doodle” and do some dam- 
age to tape players. A footage indicator would be very useful 
but has not been included on the tape players used by the au- 
thors. This device would enable the student who wishes to in- 
terrupt his study to record the point on the tape at which he is 
stopping and on his return at some future time he could quickly 
locate this point and continue his study. Further investigation 
is necessary before a strong recommendation can be made con- 
cerning a most effective tape player. 



Single Concept Movies 

The integrated experience system provides an ideal op- 
portunity for the use of single concept movies. The author’s 
learning center is equipped with a Technicolor 8 mm projector 
for each booth (Fig. 3 . □)• This movie projector uses plastic 
cartridges loaded with a single loop of film. No rewinding is 




Figure 3. 5 - Technicolor 8 mm projector and Fairch ild Mark IV 
Jector. Both projector! use cartridge- loaded tingle loop film. 
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necessary and the loading process merely involves the inser- 
tion of the cartridge into the projector and turning the ’VDN" 
switch to start the showing. When the cartridge is removed, 
it serves as the storage container for the movie film and pro- 
tects the film from fingerprints and dust from the surrounding 
atmosphere. A number of such cartridges can be placed in 
the booth and numbered for use at the appropriate time and in 
context with the subject matter being presented. The student 
is at liberty to play the film over as many times as is desir- 
able for him to understand the subject matter being presented. 
The movie projector being used by the authors is without 
chrome trim, and does not have a retractable extension chord 
or the zoom lens. It does however have the mechanism for 
stopping the film at any point so that a single frame can be 
viewed as long as desirable. 

In addition, two Mark IV 8 mm movie projectors with 
built-in screen produced by the Fairchild Company are placed 
in special booths (Fig. 3. 5). Films used in these projectors 
are supplementary type films which enrich the students' study 
and enable them to go more deeply into a specific subject with- 
in the limits of the library of materials available. The Mark 
IV projector is equipped for sound through the use of a mag- 
netic strip and can be listened to through headphones or through 
a speaker system built into the projector. Both kinds of pro- 
jectors play an important role in the presentation of subject 
matter and are useful items of equipment. 



Demonstration Table 

Materials which are too bulky or for some reason are not 
feasibly included in the booths are placed on a demonstration 
table. The demonstration table used by the authors is a very 
simple one converted from old sand boxes and supported by 
ordinary wooden horses. These tables are outfitted with a 
series of electrical outlets spaced two feet apart all around 
the margin of the table. The tables are four feet wide by eight 
feet long and two of these tables are used. The tables are 
placed end to end (Fig. 3. 6) and partitioned longitudinally by a 
pegboard divider which serves as a backdrop for the mounting 
of charts, diagrams, and other explanatory material as well 
as distribution of plant material or other study items. A mors 
elaborate table including such facilities as vacuum, gas, dis- 
tilled water and tap water might be more useful. Perhaps it 
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Figure 3.6 - A demonstration table. 



would be possible also to include growth chambers, a refrig- 
erator, incubator and oven. While these latter items may be 
desirable, they are not required in a presentation of a botany 
course. The demonstration table needs to be placed in a cen- 
tral location readily accessible to all the students from the 
booths. Perhaps the best arrangement of booths within a study 
center is to have the booths aligned around the walls in such a 
way that all students can walk directly to the demonstration 
table and so that the instructor monitoring the lab can have 
quick access to all booths and give assistance without inter- 
ferring with other students. 



Workroom 

It is highly desirable to have a workroom adjacent to the 
learning center for students who are doing long-range projects. 
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The nature of some of the miniature research problems in- 
volves the student for four to five hours of continuous experi- 
mentation. Often these experiments must be done with the 
student sitting at a table with a spread of equipment which can- 
not be accommodated in a single booth arrangement (Fig. 3.7). 
This workroom should be equipped with appropriate shelves, 
various kinds of experimental materials, a sink and attendant 
facilities, and a table and chairs. It is possible that this room 
can also double as a prep room and maybe, on occasions of 
less intensive use, it could serve as a ”break" room for smok- 
ing, coffee or cokes. This would enable the students to get in- 
volved in discussions on an informal basis and become better 
acquainted with each other as well as with instructors who 
might be on hand. 



Other Items 

Items associated with the equipping of the booths, such as 
pegboard fixtures (Fig. 3.8), dropper bottles, hand-out sheets, 
etc. can be stored in appropriate cabinet space. It is also 
helpful to have a microscope cabinet to accomodate microscopes 




Figure 3,7- Student workroom. 
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Figure 3.8 - Tape storage cabinet and pegboard fixtures. 



not in use. A cabinet for storage of taoes »vtra , 

end rf'the erleS ‘ S desirable (Fi ®- 3 - 8 >- A blackboard on one" 
end of the room is imperative for use by the Instructor on oc- 

“strucUon 6 " °" e ‘° S6Veral S *“ dentS need specific and P^ate 

ter Vfc- h ® lpf , ul *° have an instructor’s desk in the study cen- 
T ^ S desk can se rve as the home of check-in— check-out 

and vnr‘^ e W0 ?t? ^^ ock ^ 0r b°oth assignments, a suggestion box 
and vanous other items of this nature. D0X ’ 
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Chapter IV 
AN INTEGRATED 
EXPERIENCE SAMPLE 

l* 

This chapter includes an example of an integrated lesson 
as it might be programmed for the students. The tape has 
been transcribed, manual pages have been reproduced, and 
the plant materials have been photographed so the reader may 
partially experience the kind of programming that is possible 
under the audio-tutorial setup. The unit of information to be 
treated is entitled "Growth and Development” and involves two 
week’s work. Only the first week's study is included. The 
general assembly session, the small assembly- session and the 
independent study session will be discussed in appropriate 
sequential relationship to the other students' activities and the 
nature of the activities will be described as completely as 
possible. 



The Independent Study Session ■ 

The first exposure to growth and development during the 
two week's study is in the independent study session. The 
reader should visualize himself as having arrived at the learn- 
ing center and as he reads the transcription of the tape, he 
should recognize that the student would be hearing this informa 
tion presented through, the earphones of "a tape player and in 
the voice of the senior instructor. The transcribed words of 
the audio taped information are in small print to separate it 
from the text of this book. 

The audio taped lesson follows: 



PLANT SCIENCE - TAPE 10 - ENTITLED PLANT GROWTH AND DEVELOPMENT 

On this tape and the succeeding one our objective is to ex- 
amine the most baffling yet the most intriguing problems of 
biology - that is - what factors and mechanisms control growth 
and development. 

A plant body is derived from a single cell, zygote or 
spore, through a series of highly coordinated events. On 

- 34 - 



a 












i , ipppi 






■ ^.^'y-Jri .'. . ~ ».-.t;wi- J , «-^.l,. ^ faatMKm >-<- T a 






? 



' ^ 






35 



cellular basis, form results from three major events.- 



Cell division - its amount and the plane of division. 

Cell enlargement - its amount and the direction of cellu- 
lar expansion. 

Cell differentiation - which may involve changes in com- 
position of the cell wall and protoplast. 



Since form is inherited, these cellular events must be 
controlled in some way by the action of genes. Genetic in- 
structions however can be greatly modified and their exptession 
altered by innumerable factors both internally and externally. 
Perhaps it would be helpful to visualize these thoughts by use 
of a diagram. Study the diagram which has been placed before 
you in the booth. 





CELL 



DIVISION 



CELL 
.ENLARGEMENT 



Ouratlon 

Orientation 




CELL 
DIFFERENTIATION 



Ouratlon 

Orientation 




Protoplast 
Wall 





The cell must contain all the genetic information necessary 
to control heritable traits of the mature plant. This is indi- 
cated on the chart by labeling the beginning of the arrow with 
the term - heredity potential. The ultimate form of the plant 
is determined by the amount and planes of cell division: the 
amount and direction of cell enlargement; and the nature of the 
cell wall and protoplast after cell differentiation. 
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The series of events giving rise to a mature pli-.nt is not 
dependent on the heredity potential alone but the activities of 
cell division, enlargement and differentiation are modified by 
numerous factors both internal and external. 

At the top of the chart is a list of some o±. the external 
factors in five major columns. Column 1, climatic factors, 
column 2, biotic, column 3, edaphic, column 4, gravity and col- 
umn 5, pressure. 

Column 1 - climatic factors include: a. light - intensity, 

quality, and periodicity, b. temperature, c. atmosphere - wind, 
humidity, composition. Column 2 - biotic factors: a. social, 

b. nutritive. Column 3 - edaphic: a. soil structure, b. min- 

eral salts, c. water. No -sub-factors are listed under column:, 

4 and 5. At the bottom of the chart are listed the internal 
factors in 4 columns. Column 1, water, Column 2, food, Col- 
umn 3, minerals, and Column 4, growth substances. Under growth 
substances are listed: a. auxins, b. gibberellins , t c. vitamin--, 

d. inhibitors. 

Note the arrows drawn from each column toward the terms 
cell division, enlargement and differentiation, to indicate that 
each of these factors may exercise some control over these 
events and consequently influence the ultimate form of the indi- 
vidual. 



As you can see from the 
diagram, the study of growth 
is a very complex one. It 
requires that one set up ex- 
periments in which only one 
factor is varied but an in- 
terpretation of results of 
such an experiment must take 
into account the impact of 
this variation on the many 
other factors influencing 
growth. 

Study the introductory 
paragraphs to plant growth 
and development in the study 
manual, page 105 - bong!! 



UNIT IX 
P lul Of iwlh 



P* vto|H wnt 

In unil VB, the Importance of the faithful transmlseion of gentile Information from 
ceil to cell during the development of a multicellular plant body wae emphasised. The 
mechanism of mitosis la auch that each cell of an organism receives a complement of 
genetic material equivalent to the initial cell from which It was derived. U the initial 
ceil was a xygote it contained two comp! He seta of chromosomes • one act from the 
sperm ind one aet from the egg. The number of chromosomes per aet vsriea In different 
apeclee from as lo» as a per set in Hsplopsaflus to over 100 per set in cartsln ferns, U 
the Initial cell was a spore it contained only one set of chromoeosies. In the flret esse 
there would be at ltaet two genes present in each cell alfectlng a specific trait and in U* 
latter case there might be only one gene present affecting a specific trait. 

The DNA carried In chromoeomee appears to exerdae it s control through s serif n 
of sequential steps. U Mores as a code for the synthesis of RNA which migrates to tftr 
surface of a rlboeome, Here proteinssre assembled from amino acids according te .he 
ANA pattern, fome proteins are enxymea and, as such, coatrol the synthesis and'dgea* 
tlon of the thousands of celhilar components, la as such as a differentiated call is but a 
reflection of its components, DNA eeatrola tbs destiny of a celt. 

Cor, » id* ring the fact that all cella of an organism receive DNA equivalent vo the 
initial cell from which they were derived, one would expect that dUfe rent tat lor. of all the 
cells would tend Inevitably in the saaie direction, The moat casual observe .ton would 
ahnW'thai this la rot true, for even adjacent cells in an organism may be otrlklngly dif - 

How do variations in celt types occur ? This te one of the foremost problems In 
biology, The myriad cf factors Involved and the role they play are just beginning to be 
identified, Our study during the next l wo weeks win help to Introduce you to the nature 
and magnitude of the problem, 

No two l 'Jace»t cells can be exactly identical and have identical environments. 
Within tha cells there are gradients of substance! and each cell hat a measure of polarity. 
A« a Urge number of cells become Involved In growth, the availability of certain critical 
materials may be imevealy distributed. Synthesis would then dllfer is different cells, 
Substance • diffusing from adjacent cell* would create still greater differences . II has 
been mggested that certain of these diffusing substances may act as auagressors or 
evocators of DNA function tag so that a pert km of a cell's complement of DNA may ha in- 
active at certaia stages of devele p ment and active at others. Certainly the mecImnUmv 
are complicated and tha organism an a whole must ha considered in the elucidation of this 
challenging problem. 
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During this inquiry we will be using some important terms, 
some with which you are already familiar. Perhaps it would be 
helpful to begin with the definition of a few of these. The 
first term is growth. Growth is an irreversible enlargement of 
cells. It involves the synthesis of raw material and the as~ 
similation of this new material into the components of the cell. 
On an organismal basis it may include to some degree all three 
of the basic events, c'ell division, cell enlargement and cell 
differentiation. 

The second term is coleoptile - you are already familiar 
with the term coleoptile but I would like to remind you that 
this is a modified leaf which is found in the grasses. It is 
at the second node just above the cotyledon and it is a leaf 
which is cone shaped and encloses all of the other leaves of the 
young grass seedling until such time that the seedling emerges 
from the soil and the enclosed leaves penetrate the enclosing 
coleoptile. Because the coleoptile does most of its cell divi- 
sion in the early stages of its formation and during the latter 
stages only cell enlargement occurs, it has provided us with a 
very sensitive unit for measuring small amounts of growth sub- 
stances "which effect cell elongation as you will see a little 
bit later when we discuss the work of Dr. Went. 

The third tern we would like to discuss is growth factors 
or growth substances. These substances are controlling agents 
which enter the cell and influence the activities related to 
growth. This term includes essentially all of the substances 
which influence growth. There might be included here such 
things as mineral substances, although minerals have other ef- 
fects than the one inferred when we speak of growth factors - 
vitamins, auxins, gibberellins and kinins. I will spell some 
of these words for you: vitamins, v-i-t-a-m-i-n-s , auxins, 

a-u-x-i-n-s, gibberellins, g-i-b-b-e-r-e-l-l-i-n-s , and kinins, 
k-i-n-i-n-s. 

The fourth substance or term is the term hormones, and 
since we are talking about plants; we would be discussing 
phytahormones , p-h-y-t-a-h-o-r-m-o-n-e-s , phy tahormones . A 
hormone is a controller or growth substance produced in one 
part of the plant and is transported or translocated to another 
part of the plant where it exerts its effect. It is effective 
in a very small quantity. 

The fifth term is growth regulator. A growth regulator is 
a controller of growth or growth substance which is obtained 
from external environment. 

Perhaps it is best to develop our study somewhat histori- 
cally for this study of plant science is a relatively young one. 
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Turn to page 106 in the study manual and locate comparable dia- 
grams in your text. Place these before you to help visualize 
some of the early experiments performed in learning about plant 
hormones - 

At this point the student would open his text and turn to 
page 106 in his study manual (see below) and refer to the dia- 
grams while he listened to the discussion on the tape. When- 
ever he desired he would stop the tape to take notes or replay 
portions as necessary to complete his understanding. 




The story begins with experiments of Darwin in 1880 in 
which he was attempting to determine how light influences the 
turning of a plant. He was actually looking for the receptor 
in the plant or just exactly what area of the plant is able to 
receive the light. He was looking for something like an eye 
photoreceptor such as we find in animals. Diagram 1, page 106 
illustrates this kind of experiment. To the left is a diagram 
of an oat seedling and three locations are identified on the 
coleoptile as a, b, and c. The actual area in which the turning 
takes place is in location c. To determine whether or not this 
is the region in which the light is received one could shield 
the coleoptile with one of a series of cloths (a, b, and c) con- 
taining windows which would allow the light to be received at 
specific areas on the coleoptile tip. When the cloth (a) is 
used, light strikes the coleoptile at (a). When cloth (b) is 
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used, light strikes the coleoptile at (b) and when cloth (c) is 

used, light strikes the coleoptile at (c). There is no turning 

of the coleoptile tip toward the light when the light strikes 
the coleoptile at (b) or (c), but when the window is placed be- 
fore the region (a) so the light falls on the very tip of the 
; coleoptile soon thereafter the coleoptile begins to bend toward 

\ the light and the region of the bending, of course, is in region 

(b) and region (c). Darwin was at a loss to explain why the 

plant turned toward the light even though he had located the 

I region which was receptive to light. It remained for some ex- 

| periments to be done considerably later which gave us some idea 

i of how this movement may occur. If one were to cut off the 

| coleoptile tip as we show in diagram 2A leaving the stump at (b), 

] the stump will not elongate any more or at least only a small 

] amount whereas, if one cuts off the tip and then replaces it as 

shown at (c), the coleoptile stump will elongate for a short 
! time as if no cutting had been done. Diagram 3 illustrates that 

1 a piece of mica or other impermeable material inserted on the 

j lighted side of a coleoptile and just below the light sensitive 

| area will not prevent bending of the coleoptile toward the light. 

} In contrast, mica inserted similarly on the shaded side of the 

5 coleoptile will prevent turning toward the light. 

I How might one interpret such results? Does the plant re- 

s sponse involve nerve cells? Severing nerve connections between 

the receptor (a) and the location of the response (c) should 
i prevent any nerve dependent reaction. What does the illustration 

at 2 suggest in this regard? Replacement of the coleoptile re- 
| stores the ability to elon- 

gate; therefore, some sub- 
stance produced in the apex 
(a) must be able to move 
across the juncture between 
: the coleoptile apex and its 

stump. From the illustrations 
in diagram 3 it is implied 
< that the substance hypothe- 

sized from diagram 2 must ac- 
; cumulate on the shaded side 

of the coleoptile and move to 
location (c) and there cause 
the bending reaction. 

Turn now please to page 
• 107. ”• • •••••' 

•«< i 1 * 

The student would turn 
his attention to the diagrams 
on page 107 in the study 

4 manual. 





The illustrations in diagrams 4 and 5 represent experiments 
which vary slightly in design from those in 3 but essentially 
they confirm and elaborate the ideas learned in 3. Dr. Went 
(1928) showed that the substance produced in the tip of the 
coleoptile can be collected in agar blocks and that its distri- 
bution in the block corresponds to its distribution within the 
apex. The illustrations in diagram 4 indicate that an apex 
placed on an agar block (A) and irradiated with unilateral light 
(light from one side) (B) will impart to the agar block the sub- 
stance so distributed that when the block is placed on a cole- 
optile stump (C), it will cause the stump to react as if it were 
an intact coleoptile receiving unilateral light. 

It was apparent that some chemical substance must be pro- 
duced in the apex of coleoptiles which became unevenly distri- 
buted under the influence of unilateral light and when the agar 
block was removed at the appropriate time, it contained this 
chemical substance in comparable concentrations to that of the 
original apex. K8gl and Haagen-Smit analyzed the substance 
and identified it as indoleacetic acid. Since it promoted cell 
elongation, it was called "auxin". 

Dr. Went, through an ingenious application of his tech- 
nique, devised a bioassay for growth substances involving the 
use of oat coleoptiles and agar blocks. The substance to be 
tested for growth activity was placed in a small agar block and 
the block placed on one side of a previously prepared coleop- 
tile. The coleoptile was prepared by growing oat seedlings at 
a certain stage of development in red light and by removing the 
auxin producing apex. If the substance in the block had growth 
activity, the coleoptile would bend in direct relation to the 
amount of the substance present. The angle of curvature was 
taken as an index to the amount of activity of the substance. 
This test - because of its great sensitivity to small quantities 
of growth substances - became a standard test and is still used 
effectively in critical research with growth substances. 



Diagram 5 illustrates an experiment which revealed that 
more auxin was produced on the shaded side of the stem than on 
the lighted side. An apex at "A" was situated so it rested on 
two agar blocks separated by an impermeable strip of mica. Uni- 
lateral light B was allowed to fall on the apex as shown and 
later the two blocks were tested for growth activity by the Went 
coleoptile technique. It was shown that the agar block on the 
shaded side of the apex contained more auxin than the agar block 
on the lighted side. What implications does this experiment 
have for the statement that a plant seeks light? 

I would like for you to attempt an analysis of the illus- 
tration in diagram 6. The stippled blocks contain auxin. 



Write out your explanation and check it with me in just a few 
moments - bong!! 

At this point the student should study the diagram and at- 
tempt an interpretation. Having done this he would then turn 
on the tape and listen to the following explanation. 

In diagram 6 the illustration at A represents a coleoptile 
with a segment removed. The segment is shown at B between 2 
agar blocks, the top block contains auxin. The illustration at 
C shows the segment and blocks some time later and that the 
auxin has moved through the coleoptile segment from its top to 
its bottom. The illustration at D likewise shows a coleoptile 
with a segment removed but in this instance the segment (e) has 
been rotated so the base is up and the top is down. Note at F 
the auxin will not move through the coleoptile in this direc- 
tion. In other words - the movement of auxin is polar - it 
moves away from the area in which it is synthesized. 

There are several ideas which we should learn from the dia- 
grams which will be helpful in the interpretation of demonstra- 
tions and experiments to be performed later. 

1. A growth promoting substance called auxin (IAA) is pro- 
duced in the apex or meristematic area of an organ. 

2. This substance is translocated from its origin to other 
areas of the plant where it may affect .growth - in 

other words the substance is a hormone - a plant hor- 
mone. 

3. One action of a hormone is to make cells elongate - if 

cells on one side of an organ such as a stem, root, or 
coleoptile, elongate more than cells on the other side 
the organ will be caused to bend. ’ 

4. Light results in the movement of auxin to the shaded 
side of the organ and destroys auxin on the lighted 
side. In stems this results in a turning toward the 
light. 

The term for turning is tropism, t-r-o-p-i-s-m. Various 
stimuli may cause a turning or tropism. The name for the phe- 
nomenon of a turning is made by using an appropriate term for 
the stimulus as the prefix and using "tropism" as the suffix, 
e *S* i-f the turning ■? in relation to the source of light, the 
phenomenon is called phototropism - if the stimulus is gravity 
the. phenomenon is called geotropism - if the turning of the or- 
gah is toward the source of stimulus, it is a positive tropism 

and if it is away from the source of stimulus, it is a negative 
tropism. & 

I would like for you to study some experiments and demon- 
strations involving tropistic responses. Please turn to page 108 
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and 109 and do the exercises described. Study carefully the 
displays on the demonstration table - bong!! 

At this point the student would go to the demonstration 
table (Fig. 4„ 1) and with the study manual open to page 108 
and 109 he would do the exercises and study the living plant 
material shown in Figure 4. 2. 




Figure 4. 1 - Demonstration tables showing the distribution of materials for 
student study. 
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Figure 4. 2 - 1. Sign. Remember, off with the switch on your recorder, or 
2. Sign. Start here. 3. Sign. Growth. Growth is defined as an ir- 
reversible enlargement of cells. The 3 aspects of growth are: cell division, 

, a ? d CeH differentiation - 4. Two large petri dishes taped 
back to back with filter paper and 4-day old corn seedlings between them. 

The 4 corn grains were each oriented a different way. The filter paper acts as 

a wick and dips down into a container of water. 5. Sign. Exer. 1, p. 108. 

6. Sign. Geotropism. Note the direction of root growth and the direction of 
stem growth. Can you suggest a possible mechanism? 7. Petri dish containing 
a bean seedling. 8. Sign. This seed was planted upside down. Note the 
orientation of the epicotyl and the root. This is an example of geotropism. 



On completion of this study the student would return to the 
tape and listen to a discussion of the other items on page 108 
m his study manual. The discussion follows: 



In exercise one you noted that the radicles turn down and 
the coleoptiles turn up regardless of the original orientation 
of corn grains. From the diagrams on pages 106 and 107 it was 

eWat- that f the i? Urn - n8 ° f an ° rgan is due to deferential 
elongation of cells within the organ and that the presence of 
auxin causes elongation of cells. F 

The mechanism of a tropism or turning then is differential 

disK 1 ?- T within . an in response to differential 

sotup ° f aUXin * 1 The auxin distribution is influenced in 

some way by an external stimulus. 
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The first listed interpretation is the correct explanation# 
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The stimulus - gravity causes auxin to accumulate on the 
lower side of the organ - radicle and coleoptile. How is it 
then that one turns down and the other turns up? 






? 



The effect of auxin on elongation of cells of roots , leaves, 
and stems is illustrated in the graph at the bottom of page 108. 
The lines represent from left to right (and I suggest you label 
them) 1st line - roots, 2nd line - buds and 3rd line - stem. 

Using this information, can you now explain why the radicle turns 
down and the coleoptile turns up even though both have a higher 
concentration of auxin on their lower side? According to the 
graph what range of concentration of auxin would result in in- 
hibition of cells in the root but be stimulating in the stem? 
Auxin must be present for elongation of cells in either root, 
bud or stem. What range of concentration of auxin accelerates 
root cell elongation? 

What range accelerates bud cell elongation? 

What range accelerates stem cell elongation? 

Root cell elongation is accelerated in auxin concentrations 
from approximately 10" 11 to 10" 8 ; buds from 10“10 to 10“7; and 
stems from 10“10 to 10"3. 

The questions on pages 109 and 110 are all answerable from 
observations of the experimental setup and from the preceding 
discussions. Go to the demonstration table and make observations 
on the experimental setups. Answer all questions posted behind 
each setup. - Bong!! 



The student would now go to the demonstration table and 
study materials shown in Figures 4. 3, 4. 4, 4. 5 and 4. 6, using 
pp. 109 and 110 in the study manual. The instructor on duty 
would give assistance if required by the student. On com- 
pletion of this study the student would return to the tape for 
further instructions. 
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Figure 4. 3-9. Sign. Phototropism. The plants below have been subjected 
to different wave lengths of light. Observe the directions of growth of each 
plant in relation to the position of the light. What color of light is responsible 
for stimulating a positive phototropism? Suggest a possible color for the pig- 
ment absorbing the light. What pigment might this be? 10. Four cardboard 
boxes, each containing a 2-week old kidney bean plant. Each box has had 
one side cut out and replaced by a piece of cellophane- -red, blue, green, or 

clear. Each box also has a small observation door cut into it. 11 . Light 
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Figure 4. 4 - 12. Copy of lab oral quiz guide sheet. 13. Sign. A lanolin 
paste containing 500 ppm IAA was applied to the petioles and stems at various 
places. Observe the effects of the applications. Suggest a possible mechanism, 
and explain your answer. What function does lanolin play? What is used as a 
control? 14. One Coleus plant treated with lanolin- IAA, the other with plain 
lanolin. 15. Sign. The effects of IAA on com coleoptiles. 16. Sign and 
Plants. One com plant treated with lanolin-IAA, the other with plain lanolin. 




Figure 4. 5 - 1. A ringstand and light. 2. An electrically powered revolving 
turntable with a 2-week old kidney bean plant placed in the center. 3. Pots 
of 2-week old soybeans, kidney beans, and buckwheat. 4. Sign. Phototropism. 
Why do these plants bend toward the light? Will the plant on the revolving turn- 
table bend toward the light? 
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Figure 4.6-5. Poster illustrating geotropism. 7. Pots of soybeans, kidney 
beans, and buckwheat lying on their sides. 6. Sign. Will there be root 
growth at the optimum concentration of IAA for stem elongation? 



Now do exercise 1 under paragraph B, pp. 110 - apical 
dominance. Bong!! 



Most of the instructions for doing this exercise are in 
the laboratory manual The student would use his manual and 
the materials provided on the demonstration table shown in 
Figure 4. 7, to complete this exercise. 




Figure 4 « 7 - 8. Bowl containing a banana that has been sliced open. 9. Sign. 
The fruits of bananas develop without fertilization, hence the immature seeds 
(ovules) never mature and are incapable of germinating. Above is a young 
banana fruit. How are bananas propagated? 10. Four Coleus plants treated as 
follows: plant no. 1- untreated,* plant no. 2-terminal bud removed; plant no. 

3- terminal bud removed and lanolin-IAA added to the decapitated tip; plant 
no. 4- terminal bud removed and plain lanolin added to the decapitated tip. 

11. Signs. Treatments given the 4 Coleus plants are no’ed here. 12. Sign. 
Apical dominance. Does the terminal bud have any effect on the development 
of lateral buds? What is this effect? What sub^ance is involved? Where is 
this substance produced? Why do people prune trees? How can you make a 
tree sha lier? 13/ Sign. Exercise 1, p. 110. 14. Sign. Exercise 1, p t 110. 
Problem? Does a potato tuber* show apical dominance? Materials and Me- 
thods: 5 white potatoes were treated as follows: potato #l-untreated, #2-cut 
into pieces, each with one "eye", #3-a half inch was cut off one end, #4-a 
half inch was cut off the opposite end, #5- dipped in an aqueous solution of IAA. 
Here are the 5 potatoes after 2 weeks. Explain the results obtained. Could 
the^ experiment have been done with a sweet potato? (*A tuber is the swollen 
tip of an underground stem*) 15. Five bowls, each containing a potato. 



Having completed the exercise the student would return to 
the tape to listen to a discussion about the experiment. The 
discussion follows: 
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t„rhJ n . a ? ‘ nta =\pl ant - A - where the terminal bud is undis- 

ed ^ lateral buds are inhibited. The terminal bud in some 
way dominates the growth of buds lower on the stem. When the 
termini bud is removed (B) , the inhibition is removed and the 
buds begin to grow. Substitution of auxin for the terminal bud 
restores the dominating effect on the lower buds. Since the 
apex is a location in which auxin is synthesized, this experi- 
ment strongly suggests that the auxin produced by the terminal 
bud brings auxin to an inhibitory level in the region of the 
lower buds and the mechanism of apical dominance is merely a 
control of auxin concentration. This is a good example of hor- 
monal control. 

Perhaps variation of this mechanism may account also for 
c e characteristic excurrent shape of pine trees, the deliques- 
cent shape of elm trees, and the columnar shape of palm trees. 

The growth and development of an organism can be in part, ac- 
counted for by the action of some of the substance discussed in 
he beginning of this study. Before you continue your labora- 
tory experiments , I would like to discuss in more or less lecture 
fashion certain aspects of growth. 

In recent years there have been no giant strides in in- 
vestigating these substances; however, there has been a con- 
tinuous stream of investigations which have been very helpful- 
there still is a lot we need to know, but a lot has been done’ 
There has been a careful analysis of certain of these growth 
substances and an investigation for potential growth activity 
induced by compounds of like-structure and these studies have 
revealed that there are a large number of compounds which may 
be classed as growth factors or growth substances. Thare are 
certain characteristics or certain configvrr ions of the mole- 
cules of these substances which are very surest: Ive of the type 
of action in which they may be involved in She p-ant; however 
no clear cut explanation has been arrived a t as yet. 

For the moment, let me remind you that ail of the activi- 
ties within a cell are ultimately controlled by genetic informa- 
tion located on chromosomes within the cell. The unit of this 
materia! which controls one heritable character or trait of an 
individual is called a gene. The chemical compound which ap- 
pears to occupy the role of the pattern_or templet is called 
deoxyribonucleic acid or DNA, and this substance we have already 
mentioned and you are already familiar with it. You will re- 
member in our study of Cells, we said that the DNA molecule 
served as a pattern for the production of messenger RNA and 
that the messenger RNA moved from its nuclear location to 

iSSITSA an V* ere ^ ? ictates the linking together of amino 
acids into proteins which are important in imparting character- 
istics to the cell. In other words, the cell owes its peculiar.!- 



ties or its character to the kinds of protein compounds that have 
been formed in response to the dictates of the DNA. Since an 
organism is constituted of many such cells and since the action • 
of a specific gene might be stimulated by the presence of ap- 
propriate hormones, a hormone control system must regulate the 
development and activity of an individual organism and its 
parts. Thus a group of cells may function essentially as a 
unit, behaving in an integrated way, that is, each cell func- 
tioning individually, but its activity coordinated by the pres- 
ence of one or more growth factors appropriately balanced or in 
proper proportion to result in a characteristic way of growth 
or development. 

The hormone control system in a .plant is a product of a series 
of progressive and coordinated changes resulting during the 
growth and development of the organism from a zygote through its 
ontogenic stages. This series of events from the zygote to the 
mature plant results in the formation of various hormones at 
different times and these hormones, being located in different 
areas, moving to different areas, and accumulating there elicit 
“from the cells a response which results in differentiation or 
specific adaptation of that area to its function. All of this 
is coordinated with the other parts of the organism. To say 
this in another way, I would like to call your attention again 
to the diagram in the booth. Let us discuss it again in the 
light of information we have just learned. The cell develops 
int6 the mature organism which we see to the extreme right 
through certain specific cellular phenonoma, that is cell divi- 
sion, cell enlargement and cell .differentiation — these three 
basic steps, the general size and shape of this organism is 
going to be dependent on the duration and orientation of the 
various cell divisions, the duration and orientation of the cell 
enlargements, and the specialization or changes thet occur in 
the cell wall and the protoplast of the cell— changes which we 
call differentiation. These three steps are under the contrql 
of the hereditary potential of the cell, that is, the DMA comr 
plement of that cell essentially dictates how and how much of 
these things are going to occur. But there impinges on these 
three steps a number of other factors which we have indicated 
at the top, the external factors of climate, biotic and adaptive 
factors, gravity and pressure, all of the aspects of light, tem- 
perature and the atmosphere will have their effect superimposed 
on this heredity potential along with the social, nutritive, 
biotic factors, and then the various soil factors. So external 
factors will effect the duration or orientation of cell divi- 
sion, the duration-orientation of cell enlargement and the 
changes in the protoplast and the cell wall at maturity. These 
factors cannot be ignored. The hereditary potential expresses 
itself in the background of these influences. Of course, with- 
in the developing plant there are various internal factors which 
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we have indicated in the lower part of the diagram, such factors 
as water,, foods, the amounts of water and food present, certain 
minerals, the auxins, gibberellins , vitamins, inhibitors and 
kinins — all are substances which affect cell division, cell 
enlargement and cell differentiation. One of these, the kinins, 
hasn fc been demonstrated as being a natural component of plants 
as yet but the effect of these substances seems to indicate that 
when we develop. the adequate technique, we may discover that 
they are indeed a natural component of plants. 

Since all of these factors play a role in growth and de- 
velopment, I think you can see that a study of growth and devel- 
opment becomes a very complex and involved investigation. 

Perhaps parts of this will be clearer as we study some specific 
examples and you may want to take some notes just now. Let us 
consider plant movements. Some texts divide plant movements 
into two categories, that is plant movements which are induced 
by the external environment and plant movements ’which are in- 
duced by internal stimili. Plant movements essentially all re- 
sult from growth. There are some exceptions to this which we 
will note in just a few moments. Let us consider first those 
movements which are produced by internal stimili — sometimes 
referred to as autonomic or spontaneous movements. If you were 
to place a camera immediately above a growing plant and then 
take a series of photographs at regular intervals, you would see 
that the plant does not grow straight up but grows in somewhat 
a circular type of movement. Place cartridge 1 in the 8 mm 
movie projector and observe this movement speeded up through 
time lapse photography. Bongl! 



The student would now place a continuous loop cartridge- 
loaded film in a projector (ideally, the projector would be in. 
his booth but could instead be located on the demonstration 
table) and observe growth movements as long as he desired 
(Fig. 4. 8). 
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Figure 4. 8 - Student viewing a short film. The film is a single loop cartridge 
loaded type and may be viewed as often and as long as he desires. 

This circular type of movement is called nutation. Apparently 
there is some irregular diffusion of the auxin from the tip in 
which it is manufactured and this uneven flow of auxin down 
through the elongating region of the organ results in a swaying 
or circular movement called nutation. Study the demonstration 
material on Table 3. Bong!! 



The student would turn off the tape and study items 1-5 
located on Table 3 (Fig. 4. 9 and 4. 10). 




Figure 4. 9 - A photograph of demonstration tables 3 and 4 showing the distri- 
bution of materials. Subsequent figures will show close up photographs of 
these materials. 
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